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Abstract
The aim of the study was to estimate the rate of incidental cardiac ﬁndings (ICF) in patients undergoing noncardiac chest CT.
An experienced radiologist retrospectively reviewed 237 consecutive patients (147 males and 90 females with median age of 69
years) undergoing a noncardiac chest CT. ICF at targeted review were compared to those mentioned in original reports (x2 test).
At review, ≥1 ICF was detected in 124/237 patients (52%), for a total of 229 ICF, 158 of them (69%) not originally mentioned.
Valvular calciﬁcations were unmentioned in 23/23 (100%) patients, main pulmonary artery dilation in 21/22 (96%), coronary
calciﬁcations in 69/86 (80%), right or left atrial dilation in 7/11 (64%), aortic atherosclerosis in 29/62 (47%), and ascending aorta
dilatation in 8/18 (44%). All 6 pericardial effusions were originally mentioned. No association with sex (P ≥ .189); positive correlation
with age (P< .001).
Half of patients undergoing noncardiac chest CT presented ≥1 ICF, independently from sex but increasing with age. Moreover,
69% of detectable ICFs were not originally mentioned.
Abbreviations: CT = computed tomography, ICF = incidental cardiac ﬁnding, IQR = interquartile range.
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1. Introduction that chest CT examinations without electrocardiographic gatingAn incidentaloma may be deﬁned as “an incidentally discovered
mass or lesion, detected by CT, MRI, or other imaging modality
performed for an unrelated reason.”[1] Most of them are
immediately recognized as benign and have no clinical
relevance.[2] However, additional diagnostic examinations may
be needed in a number of cases to reach a complete diagnosis.[3]
Noncardiac chest computed tomography (CT) is one of the
most widely used imaging technique for the initial evaluation of
thoracic disorders,[4] gaining a crucial role in medical practice.[5]
The heart evaluation in nongated chest CT has been so far
hampered by cardiac motion artifacts. However, recent improve-
ments in multi-detector CT technology have shortened scanning
times and decreased cardiac motion artifacts in such an extentEditor: Heye Zhang.
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1allows now fairly good evaluation of the cardiac structures.[6–8]
Thus, the detectability of pertinent reportable cardiac ﬁndings is
substantially increased.
Incidental cardiac ﬁndings (ICFs) detected in noncardiac-
dedicated chest CT examinations may be of some clinical
importance, possibly representing an underlying cardiac condi-
tion, or are not speciﬁc instead. Indeed, cardiac conditions such as
idiopathic and acquired cardiomyopathy, ischemic heart disease,
and valvular disease may cause noncardiac symptoms such as
dyspnea, chest pain, and hemoptysis that, in turn, prompt the
request for a chest CT,[9] challenging noncardiac-dedicated
radiologists that often tend to overlook the heart, thus likely
missing ICFs.[10]
The prevalence of incidentalomas and their clinical relevance
have been estimated in several studies, performed in different
clinical settings.[3,11–18] The aim of our study was to qualitatively
and quantitatively evaluate the distribution of ICFs in a series of
patients undergoing a noncardiac chest CT.2. Methods
2.1. Study design and participants
The local Ethics Committee approved this retrospective study
(Ethics Committee: Comitato Etico Ospedale San Raffaele;
authorization number: 41/INT/2017). All 237 consecutive
patients undergoing a noncardiac chest CT at our institution
between February 2012 and August 2014 were reviewed. They
were 147 males and 90 females with median age of 69 years
(interquartile range [IQR] 61–76 years). No repeat examination
was included.2.2. CT protocol
All chest CT examinations were performed with a 16-slice
(SOMATOM, Sensation Cardiac 16, Siemens Medical Solution,
Table 1








not mentioned in the
original CT report (%)†
Valvular calciﬁcations 23 (10%) 23 (100%)
Main pulmonary artery dilation 23 (10%) 22 (96%)
Coronary calciﬁcations 86 (37%) 69 (80%)
Left and/or right atrial dilation 11 (5%) 7 (64%)
Thoracic aorta atheromasia 62 (27%) 29 (47%)
Ascending aorta dilation 18 (8%) 8 (44%)
Pericardial effusion 6 (3%) 0 (0%)
Total 229 (100%) 158/229 (69%)
CT= computed tomography, ICFs = incidental cardiac ﬁndings.
∗
Percentage calculated over the total number of ICF.
† Percentage over the total number of each type of ICF.
Table 2
Rate of patients with at least 1 incidental cardiac ﬁnding (ICF)
according to age category.







The percentage of patients with at least 1 ICF signiﬁcantly increased with age (P< .001).
Secchi et al. Medicine (2017) 96:29 MedicineErlangen, Germany) or 64-slice (SOMATOM Deﬁnition AS 64,
Siemens Medical Solution, Erlangen, Germany) scanner with a
tube voltage of 120 kVp, a pitch from 0.5 to 1.0, a squared ﬁeld of
view from 250 to 380mm.
According to the clinical query, we used protocols with or
without intravenous contrast agent administration (Iopamidol-
370, Bracco Imaging SpA, Milan, Italy) administered using a
power injector (EmpowerCTA Contrast Injection System, Bracco
Diagnostic Inc., Monroe Township, NJ).
2.3. Image analysis
All CT examinations were originally reported by noncardiac
radiologists. For the purpose of this study, an independent
radiologist with 8 years of experience in cardiovascular CT,
blinded to the original CT reports, re-evaluated all chest CT
images with the purpose of detecting only ICFs. The distribution
of ICFs observed at this targeted re-evaluation was compared
with that derived from original CT reports. When the original
report only mentioned “previously-known cardiac ﬁndings are
unchanged” to refer to an already known ICF, we retrieved the
second previous CT reports (or the third, the fourth, and so on) to
retrieve what was the cited ICF. A second independent reader
with 10 years of experience in cardiovascular CT evaluated a
subset of 50 patients to estimate the inter-reader agreement.
Examples of ICFs included ascending aorta dilatation (>40
mm), pericardial effusion, coronary calciﬁcations, thoracic aorta
atherosclerosis, aortic or mitral valve calciﬁcations, main
pulmonary artery dilation (>25mm), or left and/or right atrial
dilation (>24cm2). The inclusion of ICF concerning the main
pulmonary artery and the ascending aorta among ICFs was due
to the common consideration of those vascular segments as
strictly related to the heart pathophysiology. For the sake of
completeness, also ICFs regarding the aortic arch and the
descending thoracic aorta were included. Ascending aorta
dilatation and pericardial effusion were considered as clinically
relevant ICFs, whereas other ICFs as not clinically relevant.
2.4. Statistical analysis
Distributions were given as counts and percentages. The rate of
ICF not mentioned in the original CT report was calculated. This
rate was associated with age category, sex and CT technology
(number of slices) using the x2 test. Odds ratios were calculated as
well. Inter-reader agreement was estimated using the Cohen k.2Statistical analysis was performed using SPSS for Windows (v.
21.0, SPSS Inc., Chicago, IL) and Excel (Microsoft Excel 2010,
Redmond, WA). A P< .05 was considered statistically signiﬁ-
cant.3. Results
Of 237 patients, 124 (52%) patients had at least 1 ICF at the
targeted re-evaluation: 51 (41%) had 1 ICF, 47 (38%) 2 ICFs, 19
(15%) 3 ICFs, and 7 (6%) 4 ICFs, for a total of 229 ICFs (about
1.0 ICF per patient). Of these 229 ICFs, 158 (69%) were not
mentioned in the original CT reports. Only 22 (9%) patients had
an unenhanced chest CT.
Of 237 patients, 162 (68%) were studied with the 16-slice CT
scanner, 89 of them (55%) showing at least 1 ICF at the targeted
re-evaluation; the remaining 75 patients (32%) were studied with
the 64-slice CT scanner, 35 of them (47%) showing at least 1 ICF.
The number of slices of the CT scanner did not impact on the
prevalence of such ICFs (P= .236).
Of 124 patients with at least 1 ICF, only 48 (39%) had a
complete original CT report with no missing ICF, whereas 76
(61%) patients had at least 1 ICF not mentioned in the original
CT report. Valvular calciﬁcations were not mentioned in the
original CT report in 23/23 patients (100%), main pulmonary
artery dilation in 22/23 (96%), coronary calciﬁcations in 69/86
(80%), left and/or right atrial dilation in 7/11 (64%), thoracic
aorta atherosclerosis in 29/62 (47%), and ascending aorta
dilatation in 8/18 (44%). All 6 pericardial effusions were
mentioned in the original CT report. No cardiac tumors,
thrombus, wires or any other ICF was found. Overall, patients
showed a total of 14/24 (58%) clinically relevant ICFs not
mentioned in the original report. These data are summarized in
Table 1. Inter-reader agreement was perfect (Cohen k=1) for
thoracic aorta atherosclerosis, pericardial effusion, coronary
calciﬁcation, and valvular calciﬁcation; it was almost perfect for
ascending aorta dilatation (Cohen k=0.834) and left and/or right
atrial dilation (Cohen k=0.790).
Although not statistically signiﬁcant, a difference was observed
between the rate of males with at least 1 ICF (57%) and of
females (44%), for an odds ratio of 1.7 (P= .189). A signiﬁcant
positive correlation was found between age category and
percentage of patients with at least 1 ICF (P< .001) (Table 2).
Examples of ICFs are shown in Figs. 1–7.4. Discussion
The recent improvements in CT technology decreased cardiac
motion artifacts in nontriggered chest examinations, permitting a
detailed evaluation of some cardiovascular diseases or abnor-
malities that were not accessible to the old technology.[4] As in
Figure 1. Axial chest computed tomography showing a dilation of the right
atrium in a patient with lung carcinoma. This incidental ﬁnding was not
mentioned in the original report.
Figure 3. Axial chest computed tomography showing a calciﬁcation of the left
anterior descending artery and left circumﬂex artery. This incidental ﬁnding was
not mentioned in the original report.
Secchi et al. Medicine (2017) 96:29 www.md-journal.commany other clinical settings, such an improvement has allowed
for a kind of an unwanted collateral screening, already studied in
previous studies.[3,11–15]
In this study, 61%of patients had a partially-described original
CT report with at least 1 unmentioned ICF. Of course, from our
data we cannot exclude the possibility that at least a part of the
missing ICFs were actually detected by the original radiologists
but considered as not clinically relevant and, as such, not
deserving a mention. Consequently, we cannot estimate the
frequency of those ICFs that were important in relation to the
clinical query.
As noticed by the American College of Radiology, many of
such ICFs are of little importance because they are immediately
recognized as unrelated to any condition that would threaten theFigure 2. Axial chest computed tomography showing a thoracic aorta
atherosclerosis. This incidental ﬁnding was not mentioned in the original report.
3patient’s health. In United States, a cost concern is that some
radiologists see the identiﬁcation of incidentalomas as an
opportunity to increase referral business for CT.[19,20] Moreover,
regardless the cost concerns, we should keep in mind that it is
important to avoid overdiagnosis and overtreatment.
As expected, coronary calciﬁcation was the most frequent ICF
(86/229) although they were not mentioned in the original CT
reports in 80% of cases. Presumably, they were minimal
calciﬁcation in old patients without the need for an immediate
follow-up. Although this approach is largely accepted, the
presence of even minimal coronary calciﬁcations could lead to
high risk of development of symptomatic coronary artery disease
and major adverse cardiovascular events.[21] Thus, further
diagnostic investigations such as coronary CT angiography
may be necessary for the noninvasive morphological assessment
of coronary artery disease.[22]Figure 4. Axial chest computed tomography showing an ascending aorta
dilation (45.7mm). This incidental ﬁnding was not mentioned in the original
report. Arrows indicate a thoracic aorta atherosclerosis that, conversely, was
mentioned in the original report.
[28]
Figure 5. Axial chest computed tomography showing mitral annular
calciﬁcation. This incidental ﬁnding was not mentioned in the original report.
Figure 7. Axial chest computed tomography showing main pulmonary artery
dilation. This incidental ﬁnding was not mentioned in the original report.
Secchi et al. Medicine (2017) 96:29 MedicineAnother important ICF that was clearly visible but not always
mentioned in the original reports was the thoracic aorta
atherosclerosis, mentioned in 53% (33/62) of cases. Indeed,
several studies [23–26] reported that subclinical atherosclerosis
could identify individuals at high cardiovascular risk that would
beneﬁt from prevention or therapeutic interventions.
Pericardial effusions were always mentioned in original CT
reports likely because its iconography is somewhat similar to that
of the pleural effusion. As shown by Sun et al,[27] it is important to
report a pericardial effusion because the irregular pericardial
thickening and mediastinal lymphadenopathy may suggest the
presence of a malignant pericardial effusion.
At targeted re-evaluation, cardiac valvular calciﬁcations were
observed in 23 patients and never mentioned in the original
reports. This ﬁnding is common in patients with end-stage kidney
disease. Moreover, valvular calciﬁcations are shown to be
associated to inducible myocardial ischemia in asymptomatic
patients. Thus, this ICF may be used to stratify patients at highFigure 6. Axial chest computed tomography showing trace of pericardial
effusion. This incidental ﬁnding was mentioned in the original report.
4risk of silent myocardial ischemia. For these reasons, it is
important to report cardiac valvular calciﬁcations even in the
subclinical condition.
Ascending aorta dilation is another important ICF that was not
mentioned in 8/18 (44%) of cases, 2 of them with an aortic
diameter exceeding 4.5cm. Aortic dilatation may lead to aortic
dissection or rupture.[29] Although the European Society of
Cardiology guidelines recommend not to operate to up 5.0cm,[30]
it is important to monitor the dilatation evolution as, along with
other factors such as aortic elasticity, can lead to aortic
dissection.[29] Indeed, in the International Registry of Acute
Aortic Dissections nearly 60% of patients with dissection had an
aortic diameter less than 5.5cm, whereas 40% had diameters
even less than 5.0cm.[31]
Importantly, the data here presented do not suffer from inter-
reader variability. Indeed, the agreement between the 2 readers
was very high. Thus, data are robust and reliable. The positive
correlation between age and the chance of having an ICF was
quite expected, considering that most of ICF are a sign of aging.
Although not signiﬁcantly, we have also observed a higher rate
of ICF in male compared to female, that is in line with the
evidence.[21]
Our study has limitations. First, it has a retrospective design,
that imply the lack of important clinical variables such as
systemic factors causing atherosclerosis (e.g., diabetes mellitus,
hypertension, dyslipidemia, smoking, etc.). Second, we did not
perform patient’s follow-up; thus, no conclusion may be drawn
on the progression and clinical relevance of ICF. Third, as
mentioned above, we cannot exclude that at least a part of the
missing ICFs were actually detected by the original radiologists
but considered as not clinically relevant. At any rate, our data are
in line with those already published by other authors.[16–18]5. Conclusion
In conclusion, our study showed that about half of patients
undergoing a noncardiac chest CT presented with at least 1 ICF,
independently from sex but increasing with age. Moreover, 69%
of detectable ICFs were not mentioned in the original report. As
some of these ﬁndings may be of clinical value, noncardiac-
dedicated radiologists should pay more attention to the heart.
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